The performance of indirect indices of infection in the newborn vary because of differences in techniques, including diagnostic cut off levels. We have compared serial neutrophil band cell counts with C reactive protein measured by rate nephelometry. The 'gold standard' was a positive culture and the performance of the tests was compared by the technique of receiver operating characteristics (ROC) as well as sensitivity and specificity.
A total of 172 septic screens were performed in 56 patients. The operational diagnostic cut off values were: C reactive protein >8 mg/l, inmature:total neutrophil ratio (I:T ratio) >02, and band count >5%. Compared with the sensitivity of C reactive protein (710/), I:T ratio (34%) was significantly different but band count (69%) was not. The specificity of C reactive protein (72%) was better than band count (39%) but no better than I:T ratio (73%). ROC curves were constructed for all possible diagnostic cut off values of the tests and superior performance was demonstrated for C reactive protein compared with band count and I:T ratio.
We conclude that C reactive protein is a useful early indicator of infection in neonates and that ROC curves permit comprehensive and graphic comparison between tests and the calculation of optimal diagnostic cut off values. Accepted 20 February 1992 Early clinical diagnosis of neonatal infection is difficult because of the non-specific presentation of infection, and a delay in diagnosis may be associated with increased morbidity and mortality. Early laboratory indicators of infection are therefore required to facilitate early diagnosis.'-0 Infection activates the acute phase response which may be detected by alterations in the peripheral blood neutrophils1-3 and an increase in serum proteins such as C reactive protein. 5 Although such changes are non-specific, they are thought to give indirect evidence of infection.3 8 Single determination of neutrophil band forms and other indices of infection has been used for early diagnosis of infection while the results of blood cultures are awaited,3 [5] [6] [7] 10 but wide variation exists in the reported performance of these tests. Combinations 
Subjects and method
All babies admitted to the unit for either suspected infection or management of prematurity, low birth weight, respiratory distress syndrome, and asphyxia neonatorum were studied over a three month period. Daily samples of 0-5 ml of blood, collected in EDTA, were drawn from arterial/umbilical arterial lines or from capillary blood for routine full blood count. This sample was used for the differential count including band forms and the remaining plasma was used for determination of C reactive protein. A The performance characteristics are shown in table 4 The median peak (range) concentration of C reactive protein was 62 mg/l (6-251) in the positive cultures overall and a median of 6 mg/l (6-139) in negative cultures. In the cultures that yielded S epidermidis, the peak C reactive protein was 44 and in the other cultures a peak C reactive protein of 112 (44-251) was measured.
The effect on C reactive protein and band counts of events such as intraventricular haemorrhage, pneumothorax, intercostal drainage, and steroid administration was recorded. Of the five patients who had an intercostal drain insertion for pneumothorax, none had a recordable change in C reactive protein concentration. Sixteen patients had an intraventricular haemorrhage varying in severity from subependymal haemorrhage to intraventricular haemorrhage with associated parenchymal echodensity while daily C reactive protein was being measured. Only one patient had a small increase in C reactive protein (11 2 mg/i) and another four had an increase but had concomitant infection. Four patients received dexamethasone with no change recorded in three but in one an increased C reactive protein was present because of infection which was being treated. Necrotising enterocolitis (intestinal pneumotosis and or perforation) occurred in three patients with a significant rise in C reactive protein. Two of three patients with transient abdominal distention of undetermined cause showed an increase in C reactive protein to 20-25 mg/l. Four patients had laparotomy and bowel resection for gastroschisis (n=2) and necrotising enterocolitis (n=2) and all had rapid and large increases in C reactive protein after surgery for up to five days. Daily intraventricular vancomycin by needle ventricular tap for the successful treatment of S epidermidis ventriculitis was associated with a steady decline in C reactive protein.
Discussion
There is a wide range of reported sensitivity and specificity for I:T ratio and C reactive protein due to variations in methods, study design, or the definition of infection. We have found the performance of serial C reactive protein (sensitivity 71% and specificity 72%) to be within the range reported by others.5 10 Although there was not significant difference in sensitivity between C reactive protein and bands the specificity was significantly better for C reactive protein because the false positive rate was half that of the band count. The I:T ratio had a sensitivity of 34-5% and specificity of 73% which contrasts with 90% and 78% found by Philip and Hewitt5 but is similar to the results of Kite et al who found a sensitivity of 29-4% and specificity of 81.5%.10 The large difference in the I:T ratio sensitivity reported by Philip and Hewitt and our result is probably due to the difference in timing of the tests. Philip and Hewitt examined babies with suspected infection during the first seven days only, whereas our study involved babies of all ages. I:T ratio is not as accurate after the first week and our results do show a trend from a sensitivity of 55% in the first week to 24% after 28 days (table 4) .
Using ROC, more comprehensive comparisons between laboratory test performance are possible.'5 Although a complete C reactive protein curve could not be constructed because no cut off values below 6 mg/l were determined, individual point comparisons were significantly different. The performance of C reactive protein as an index of infection is therefore superior to band and I:T ratio for any given diagnostic cut off level. This technique can be used to compare the performance of other quantitative tests.
The lack of response of C reactive protein to pneumothorax and intraventricular haemorrhage is similar to the report of Wassunna et al, who found no increase in C reactive protein after arterial catheterisation, endotracheal intubation, germinal matrix haemorrhage, or intraventricular haemorrhage. 12 The difference in response between bands (and I:T ratio) and C reactive protein when babies received dexamethasone is of interest and likely to be of clinical relevance. The rapid rise in all forms of polymorphonuclear leucocytes makes bands and I:T ratio invalid for the detection of infection during steroid therapy. C reactive protein did not rise during steroid treatment but in our study it was not possible to determine changes in C reactive protein concentration in the range below our detection limit (6 mg/i).
Although the specificity of clinical assess- We conclude that serial C reactive protein estimation is significantly better than I:T ratio and percentage band count in detecting infection in preterm neonates. We plan to improve the detection limit for C reactive protein to be able to detect earlier changes in preterm infants at high risk of infection and to allow construction of complete C reactive protein ROC curves permitting more comprehensive comparisons with other tests. Using the ROC curve constructed with our current data we have determined an improved overall diagnostic cut off concentration of 7 mg/l to achieve a sensitivity of 75% (95% confidence interval 61 to 85%), specificity of 71% (59 to 83%) and a positive predictive accuracy of 55%. 
